Recent results obtained using the data sample of 23.6 fb −1 collected on the Υ(5S) resonance with the Belle detector at the KEKB asymmetric energy e + e − collider are discussed. Measurements of several B 0 s decay branching fractions are reported. Studies of the Υ(5S) decays to the channels with B + and B 0 mesons or bottomonium states are discussed.
Introduction
During the last several years an opportunity for B 0 s meson studies at the e + e − colliders running at the Υ(5S) resonance has been extensively explored. The first evidence for B 0 s production at the Υ(5S) was found by the CLEO collaboration 1,2 using a dataset of 0.42 fb − s , two-body B +/0 channels BB, BB * , B * B , B * B * , three-body channels BB π, BB * π, B * B π, B * B * π, and four-body channel BB ππ. Here B denotes a B + or a B 0 meson andB denotes a B − or aB 0 meson, and the excited states decay to their ground states via B * → Bγ and B * s → B 0 s γ. Moreover a bb quark pair can hadronize to a bottomonium state accompanied by π, K, or η mesons, for example through the Υ(5S)→ Υ(1S) π + π − decay. Fractions and decay parameters for all of these channels provide important information about the b-quark dynamics.
The B 0 s production rate at the Υ(5S) was measured to be (19.5 
Observation of B 0
s → φγ and search for B 0 s → γγ decays The B 0 s → φγ and B 0 s → γγ decays 7 are studied by Belle with 23.6 fb −1 at the Υ(5S). Within the Standard Model the B 0 s → φγ decay can be described by a radiative penguin diagram and the corresponding branching fraction is predicted to be ∼ 4 × 10 −5 . The B 0 s → γγ decay is expected to proceed via a penguin annihilation diagram and to have a branching fraction in the range (0.5 − 1.0) × 10 −6 . However, the B 0 s → γγ decay branching fraction is sensitive to some Beyond the Standard Model contributions and can be enhanced by about an order of magnitude; such enhanced values are not far from the sensitivity expected in this analysis.
The three-dimensional (two-dimensional) unbinned extended maximum likelihood fit to M bc , ∆E and cosθ h φ (M bc and ∆E) is performed for B 0 s → φγ (B 0 s → γγ) decay to extract the signal yield. Fig. 2 shows the M bc and ∆E projections of the data. The points with error bars represent data, the thick solid curves are the fit functions, the thin solid curves are the signal functions, and the dashed curves show the continuum contribution. On the M bc figure, signals 
First measurement of B 0
s → X + ℓ − ν decay The correlated production of a D + s meson and a same-sign lepton at the Υ(5S) resonance is used in this analysis to measure B(B 0 s → X + ℓ − ν). D + s candidates are reconstructed in a clean φπ + mode. Neither the cc continuum nor B ( * )B( * ) states (except for a small contribution due to ∼ 19% B 0 mixing effect) can result in a same-sign c-quark (i.e., D + s meson) and primary lepton final state.
Finally, we obtained the semileptonic branching fractions:
where the latter one represents an average over electrons and muons. The results are preliminary. The obtained branching fractions can be compared with the PDG value B(B 0 → X + ℓ − ν) = (10.33 ± 0.28)% 5 , which is theoretically expected to be approximately the same, neglecting a small possible lifetime difference and small corrections due to electromagnetic and light quark mass difference effects.
3 Study of Υ(5S) decays
The production of Υ(1S) π + π − , Υ(2S) π + π − , Υ(3S) π + π − , and Υ(1S) K + K − final states in a 21.7 fb −1 data sample obtained at e + e − collisions with CM energy near the peak of the Υ(5S) 
The obtained branching fractions and partial widths are given in Table 1 . For comparison, the partial widths for similar transitions from Υ(2S), Υ(3S), or Υ(4S) are also shown. The Υ(5S) partial widths (assuming that the signal events are solely due to the Υ(5S) resonance) are found to be in the range (0.52-0.85) MeV, that is more than 2 orders of magnitude larger than the corresponding partial widths for Υ(2S), Υ(3S), or Υ(4S) decays. The unexpectedly large Υ(5S) partial widths disagree with the expectation for a pure bb state, unless there is a new mechanism to enhance the decay rates.
Study of Υ(5S) decays to B 0 and B + mesons
The Υ(5S) decays to channels with B + and B 0 mesons are studied using the 23.6 fb −1 data sample obtained at the Υ(5S) with the Belle detector. The reported results are preliminary. As discussed above, at the Υ(5S) energy a bb quark pair can be hadronized in various final states, such as two-body B 0 s channels, two-body B +/0 channels, three-body channels BB π, BB * π, B * B π, B * B * π, and four-body channel BB ππ. Generally a bb quark pair can also hadronize to a bottomonium state accompanied by π, K or η mesons.
The B + → J/ψK + , B 0 → J/ψK * 0 , B + →D 0 π + and B 0 → D − π + decays are fully reconstructed and treated simultaneously to measure the B + and B 0 production rates per bb event. The rates are f (B + ) = (67.7 ± 3.6 ± 4.8)% and f (B 0 ) = (70.4 +5.2 −5.1 ± 6.2)%, with the average value of f (B +/0 ) = (68.6 +3.0 −2.9 ± 5.0)%. Assuming equal rates to B + and B 0 mesons in all channels produced at the Υ(5S) energy, we measure the fractions for bb event transitions to the two-body and multi-body channels with B +/0 meson pairs, f (BB) = (5.1 ± 0.9 ± 0.4) %, f (BB * + B * B ) = (12.6 ± 1.2 ± 1.0) %, f (B * B * ) = (34.7 ± 1.8 ± 2.7) %, and f (B ( * )B( * ) π(π)) = (17.0 +1.6 −1.5 ± 1.2) %. The two-body channel fractions are in a reasonable agreement with theoretical predictions. The multi-body channels are observed for the first time and the obtained fraction is unexpectedly large.
